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EXHAUST GAS ANALYSIS METHOD AND EXHAUST GAS ANALYSIS SYSTEM

In order to separately evaluate an influence de-

gree of fuel and an influence degree of lubricating oil with
respect to particulate matters contained in exhaust gas,
an exhaust gas analysis method includes: analyzing par-

ticulate matters contained in the exhaust gas exhausted
from an engine, thereby making it possible to analyze
the particulate matters derived from the lubricating oil by
using isooctane as a fuel.
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Description
Cross-Reference to Related Applications

[0001] This application claims priority on Japanese Patent Application No. 2018-097181 filed on May 21, 2018, the
disclosure of which is incorporated by reference herein.

Technical Field

[0002] The presentdisclosure relates to an exhaust gas analysis method and exhaust gas analysis system for analyzing
atleast particulate matter derived from lubricating oil among particulate matters contained in exhaust gas from an engine.

Background Art

[0003] In recent years, there is concern about an influence of particulate matters contained in exhaust gas from an
engine on human bodies, and Patent Literature 1 discloses a method for producing a fuel with a reduced exhaust amount
of particulate matters. In this method, there is disclosed an index called PM Index which is calculated using a calculation
formula (1) as following:

PM  Index = Z DBE, +1

——— % ti ) (1‘)
= V.P(443K),

In the calculation formula (1), i is a number corresponding to each of n pieces of components contained in the fuel,
V.P(443K);is a vapor pressure at an absolute temperature of 443K of the i-th component, DBE; s a double bond equivalent
of the i-th component, and Wt; is a weight percent of the i-th component contained in the fuel.

[0004] Under such circumstances, in order to further reduce the particulate matters contained in the exhaust gas, it
is necessary to analyze generation factors of the particulate matters in detail under various driving conditions. For
example, in the case where exhaust gas from an engine of a gasoline car is analyzed, it is considered that the particulate
matters derived from the fuel and the particulate matters derived from lubricating oil are contained in the exhaust gas.
[0005] However, there has been no method for quantitatively separating an influence degree of fuel on the particulate
matters contained in the exhaust gas and an influence degree of the lubricating oil on the particulate matters contained
in the exhaust gas. Therefore, it has been difficult to perform measurement of the ratio of the particulate matters derived
from the fuel and the particulate matters derived from the lubricating oil, quantification of the respective particulate
matters, and the like.

Citation List

Patent Literatures

[0006] Patent Literature 1: Japanese Unexamined Patent Application Publication No. 2011-241280

Summary

Technical Problem

[0007] Therefore, the present invention has been made in order to solve the above-described problems, and a main
object thereof is to make it possible to separately evaluate an influence degree of fuel and an influence degree of
lubricating oil with respect to particulate matters contained in exhaust gas,.

Solution to Problem

[0008] That is, an exhaust gas analysis method according to an embodiment of the present invention is intended to
analyze exhaust gas exhausted from an engine, and in the case where isooctane is used as a fuel for the engine, the
exhaust gas exhausted from the engine is analyzed and particulate matters contained in the analyzed exhaust gas is

measured as particulate matters derived from lubricating oil.
[0009] According to such an exhaust gas analysis method, by using isooctane as the fuel, the particulate matters
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contained in the exhaust gas exhausted from the engine is analyzed as the particulate matters derived from the lubricating
oil, and therefore the particulate matters derived from the lubricating oil can be analyzed separately from the particulate
matters derived from the fuel, and an influence degree of the lubricating oil on the particulate matters contained in the
exhaust gas can be evaluated separately from an influence degree of the fuel on the particulate matters contained in
the exhaust gas.

[0010] In order to compare the numbers and/or masses of particulate matters under various operating conditions, it
is preferable that, upon changing the operating conditions of the engine, the number and/or mass of the particulate
matters contained in the exhaust gas exhausted from the engine is measured.

[0011] As the operating conditions described above, there can be listed a revolution speed of the engine, aload applied
to the engine, a temperature of coolant of the engine, and the like.

[0012] Further, it is preferable that, a total sulfur component concentration contained in the exhaust gas is measured
as a concentration of the sulfur component derived from the lubricating oil, and a consumption amount of the lubricating
oil is calculated based on the total sulfur component concentration, and then the consumption amount is associated with
the measurement result of the particulate matters derived from the lubricating oil.

[0013] Inthisway, itis possible to know, for example, a correlation between the consumption amount of the lubricating
oil and a generation amount of the particulate matters derived from the lubricating oil.

[0014] Further, an exhaust gas analysis system according to an embodiment of the present invention is intended to
analyze exhaust gas exhausted from an engine, including: an exhaust gas collecting unit adapted to collect the exhaust
gas exhausted from the engine in the case where isooctane is used as a fuel for the engine; and an exhaust gas analyzer
adapted to analyze the exhaust gas collected by the exhaust gas collecting unit and measure particulate matters contained
in the analyzed exhaust gas as particulate matters derived from lubricating oil.

[0015] With this exhaust gas analysis system, it is possible to have an effect similar to that of the exhaust gas analysis
method mentioned above.

Advantageous Effects

[0016] Accordingtothe embodiment of the present invention configured as described above, itis possible to separately
evaluate the influence degree of the fuel on the particulate matters contained in the exhaust gas and the influence degree
of the lubricating oil on the particulate matters contained in the exhaust gas, thereby contributing to further reduction of
the particulate matters contained in the exhaust gas.

Brief Description of Drawings
[0017]

FIG. 1 is a schematic diagram showing an overall configuration of an exhaust gas analysis system according to the
present embodiment;

FIG. 2 is a flowchart showing an exhaust gas analysis method of the embodiment;

FIG. 3 shows measurement results of PN under conditions of cooling water temperatures of 90°C and 30°C; and
FIG. 4 shows measurement results of PN in each case where an engine was operated under various operating
conditions.

Description of Embodiments

[0018] In the following, one embodiment of the present invention will be described with reference to the drawings.
[0019] First, an exhaust gas analysis system for use in the present embodiment will be described.

[0020] The exhaustgas analysis system 100 is used to analyze particulate matters contained in exhaust gas exhausted
from an engine E. As shown in FIG. 1, the exhaust gas analysis system 100 includes: a dynamometer 10 for applying
a load to the engine E; an exhaust gas flow path L connected to the engine E; a PN measuring device 20 for measuring
the number of particulate matters (referred to as "PN" hereinafter) contained in the exhaust gas, a PM measuring device
30 for measuring a mass of the particulate matters (referred to as "PM" hereinafter) contained in the exhaust gas; and
an exhaust gas collecting unit L2 (also, referred to as "exhaust gas collecting flow path L2" hereinafter) for introducing
the exhaust gas from the exhaust gas flow path L to each of the PN measuring device 20 and the PM measuring device
30. The exhaust gas analysis system 100 may be configured to connect an engine dynamo to the engine E alone, it
may be configured to connect the dynamo to a drive system on which the engine E is mounted, and it may be also
configured to mount a vehicle on a chassis dynamo.

[0021] The exhaust gas flow path L has its upstream side connected to an exhaust port (not shown) of the engine E,
and the exhaust gas flow path L is provided with catalysts Z (here, an upstream side catalyst Z1 and a downstream side
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catalyst Z2) for purifying the exhaust gas.

[0022] The exhaust gas is sampled from the exhaust gas flow path L and introduced into the PN measuring device
20 through the exhaust gas collecting flow path L2 (i.e., the exhaust gas collecting unit L2). The PN measuring device
20 is configure to count the PN by using a detector such as a laser scattering condensed particle counter (CPC).
Specifically, as the PN measuring device 20, there is used an exhaust gas analyzer called MEXA-2100 SPCS manu-
factured by Horiba, Ltd., and it is configured to adhere organic gas such as alcohol or butanol to the particulate matters
contained in the exhaust gas, thereby making the particulate matters to be grown to have large diameters, and then the
particulate matters are irradiated with laser light for counting the number thereof.

[0023] Similarly, the exhaust gas sampled from the exhaust gas flow path L is introduced into the PM measuring device
30 through the exhaust gas collecting flow path L2 (i.e., the exhaust gas collecting unit L2). The PM measuring device
30 is configured to measure the particulate matters collected by a filter (not shown). That is, the PM measuring device
30 is configured to measure the total mass of the particulate matters contained in the sampled exhaust gas, and there
is used an exhaust gas analyzer called MEXA-1370PM manufactured by Horiba, Ltd., as the PM measuring device 30.
Specifically, for example, the PM measuring device 30 is configured to vaporize and thermally decompose the collected
particulate matters, gasify the same by an oxidation-reduction reaction, and then measure the total mass of soluble
organic components (SOF), sootand sulfate components contained in the sampled exhaustgas as the particulate matters.
[0024] As shown in FIG. 1, the exhaust gas analysis system 100 of the present embodiment further includes a sulfur
concentration analyzer 40 that analyzes concentration of sulfur components contained in the exhaust gas.

[0025] Similarly, the exhaust gas sampled from the exhaust gas flow path L is introduced into the sulfur concentration
analyzer 40 through the exhaust gas collecting flow path L2 such as a heating pipe and the like. The sulfur concentration
analyzer 40 is configured to measure the sulfur concentration contained in the sampled exhaust gas. As the sulfur
concentration analyzer 40, there is used an exhaust gas analyzer called MEXA-1170SX manufactured by Horiba, Ltd.
Here, a sampling point is positioned, for example, on the upstream side of the catalysts Z (here, the upstream side
catalyst Z1) in the exhaust gas flow path L. Specifically, the sulfur concentration analyzer 40 is configured to measure
the total sulfur components contained in the sampled exhaust gas. Further, in addition to total reducing sulfur such as
hydrogen sulfide (H,S) which is a gas component and methanethiol (CH3SH), sulfate as the particulate matters contained
in the sampled exhaust gas is converted to sulfur dioxide (SO,), and the concentration of these sulfur components is
measured using, for example, an Ultra Violet Fluorescence (UVF) method.

[0026] Next, an embodiment of an exhaust gas analysis method according to the present invention will be described.
This method is directed to analysis of particulate matters contained in the exhaust gas exhausted from the engine E,
using the exhaust gas analysis system 100 described above. The embodiment of an exhaust gas analysis method has
been made based on the fact that the inventor of the present invention has earnestly examined a method for separating
the influence degree of the fuel and that of the lubrication oil affecting on the particulate matters. Specifically, the inventor
of the present disclosure found that, by using isooctane having an octane number of 100 as the fuel, the particulate
matters are hardly derived from the fuel but the particulate matters contained in the exhaust gas are substantially derived
from the lubricating oil.

[0027] In view of the above knowledge, the embodiment of the exhaust gas analysis method according to the embod-
iment of the present invention has a specific feature that, by using isooctane as the fuel for the engine E, the particulate
matters contained in the exhaust gas are analyzed, regarding as the particulate matters substantially derived from the
lubricating oil. As an example of the engine E, there may be used a direct injection gasoline engine which is a kind of a
gasoline engine, and as an example of the lubricating oil, there may be used commercially available OW-20 oil (API:
equivalent to SN standard, sulfur concentration 2.695 ppm). The engine E may be a port injection engine. Hereinafter,
the embodiment of the analysis method of the present invention will be described in detail with reference to the flowchart
shown in FIG. 2.

[0028] First, isooctane as the fuel is supplied to the engine E(S1). Isooctane is 2,2,4-trimethylpentane (CgH4g) and
this fuel has an octane number of 100, as shown in Table 1. Further, it is understood that the isooctane fuel has a very
low PM Index, which is used as an index of an exhaust number of aroma components and particulate matters, as
compared to, for example, gasoline of general properties distributed in Japan. In Table 1, PM Index is a value calculated
using the calculation Formula (1) described in the background art.

[Table 1]
Item Isooctane | Gasoline
Octane number 100 95
Sulfur concentration [ppm] 0 6
Aroma component [vol%] 0.2 30.2
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(continued)

ltem Isooctane Gasoline

PM Index 0.2 1.2

[0029] Then, the engine E is started to analyze the particulate matters contained in the exhaust gas. Here, as described
above, since the isooctane fuel has an octane number of 100 and has very low aroma components and PM index,
substantially no particulate matters derived from the fuel is generated. Hence, the particulate matters contained in the
exhaust gas can be regarded as those derived from the lubricating oil.

[0030] Therefore, the particulate matters contained in the exhaust gas are measured, regarding as the particulate
matters derived from the lubricating oil (S2). Specifically, the PN contained in the exhaust gas is measured regarding
as those derived from the lubricating oil, using the PN measuring device 20 described above, and the PM contained in
the exhaust gas is measured regarding as those derived from the lubricating oil, using the PM measuring device 30
described above.

[0031] Furthermore, in the present embodiment, the total sulfur concentration (TS) contained in the exhaust gas is
analyzed, using the sulfur concentration analyzer 40 described above (S3).

[0032] Here, since the isooctane fuel does not contain a sulfur component, the total sulfur concentration (TS) analyzed
in Step S3 can be regarded as the concentration of the sulfur component derived from the lubricating oil. By using a so-
called S tracing method, a consumption amount of the lubricating oil is calculated based on the total sulfur concentration
(TS) obtained in Step S3 (S4). Specifically, the consumption amount of the lubricating oil can be calculated according
to a predetermined calculation formula in which the total sulfur concentration (TS), the concentration of sulfur components
in the lubricating oil or the like are used as parameters.

[0033] Thus, by measuringthe PN andthe PM derived from the lubricating oilin Step S2 and calculating the consumption
amount of the lubricating oil in Step S4, the measurement results of the particulate matters derived from the lubricating
oil can be correlated. That is, it is possible to correlate the PN and the PM derived from the lubricating oil with the
consumption amount of the lubricating oil (S5).

[0034] Thus, according to the embodiment of the exhaust gas analysis method described above, by using isooctane
as the fuel, the particulate matters contained in the exhaust gas exhausted from the engine E can be analyzed regarding
as the particulate matters derived from the lubricating oil. Hence, the particulate matters derived from the lubricant oil
can be analyzed separately from the particulate matters derived from the fuel.

[0035] So, experimental results which evaluated the influence degree of the lubricating oil separately from the influence
degree of the fuel with respect to the particulate matters contained in the exhaust gas will be described below using this
exhaust gas analysis method.

<PN measurement>

[0036] The PN derived from the fuel is affected by combustion conditions such as an injection method and injection
timing of the fuel, a temperature of a fuel chamber and an air-fuel ratio. Therefore, in each of the cases of using isooctane
as the first fuel and using gasoline of a general property as the second fuel, operating conditions of the engine E, for
example, a revolution speed of the engine E, a load given to the engine E from the dynamometer 10, a cooling water
temperature of the engine E, and the like are variously changed. FIG. 3 shows the results of measuring the PN before
and after changing the operating conditions. A preferred method of measuring the PN will be described with reference
to FIG. 3.

[0037] First, the results of measuring the PN exhaust amount at a cooling water temperature of 90 °C are shown in
FIGS. 3(a) to 3 (c).

[0038] Under these conditions, it can be found that the PN exhaust amounts tend to increase as the load to the engine
increases and the revolution speed increases in the case of using either the first fuel or the second fuel. Further, it is
found that the PN exhaust amount is larger in the case of using the second fuel compared to the case of using the first
fuel, and that an increasing rate of the PN exhaust amount is increasing in a high load side and a high revolution speed
side in the case of using the second fuel, with regard to that in the case of using the first fuel as a reference.

[0039] Regarding the measurement results with respect to the various revolution speeds, it is presumed that, the
reason why the resultant PN exhaust amount increases as the increase of the revolution speed increases in the case
of using the first fuel is because the amount of the oil flowing into the combustion chamber via a piston sliding portion
and a blow-by gas reduction circuit increases due to scraping of the oil caused by a crank rotation movement.

[0040] Moreover, regarding the comparison of the PN exhaust amounts between the cases of using the first fuel and
the second fuel, it is presumed that, the reason why the resultant PN exhaust amount is larger in the case of using the
second fuel compared to the case of using the first fuel is because a difference in PM Indexes between the first fuel and
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the second fuel, i.e., a difference in risks of generating the particulate matters is affected.

[0041] Furthermore, it is presumed that, the reason why the resultant increasing rate of the PN exhaust amount is
smaller in a low load side in the case of using the second fuel with regard to that in the case of using the first fuel as a
reference is because the fuel influence degree on the total PN exhaust amount is also small in a low load operating
region where a fuel injection amount is relatively small.

[0042] Next, the results of measuring the PN exhaust amount at a cooling water temperature of 30 °C are shown in
FIGS. 3(d) to 3 (f).

[0043] Under this condition, it was observed that the PN exhaust amounts increased in the case of using either the
first fuel or the second fuel, as compared to the condition of the cooling water temperature of 90 °C. Further, unlike the
condition of the cooling water temperature of 90 °C, no correlation was found between the PN exhaust amount of the
second fuel and the load to the engine and the revolution speed of the engine.

<Measurement Result of Quantitatively Separating Particulate Matters Derived From Fuel and Particulate Matters Derived
From Lubricating Oil>

[0044] Subsequently, the results of evaluating the particulate matters derived from the fuel (i.e., gasoline of general
properties) while separating the same from the particulate matters derived from the lubricating oil are shown in FIGS.
4(a) to 4(c).

[0045] The evaluation results shown in FIGS. 4(a) to 4 (c) are the results in the case where the revolution speed is
changed while keeping the cooling water temperature and the load constant, and these are shown as pie charts of the
measurement results in the case of the load being 80% in FIGS. 3(d) to 3(f). As can be seen from the results, it is
understood that the influence of the lubricating oil also increases as the revolution speed increases. As described above,
this is considered that a movement of the amount of the oil flowing into the combustion chamber being increased as the
revolution speed being increased is captured.

[0046] As described above, according to the exhaust gas analysis method according to the present embodiment, by
isooctane as the fuel, the particulate matters contained in the exhaust gas exhausted from the engine can be analyzed
regarding as the particulate matters derived from the lubricating oil. Thus, the particulate matters derived from the
lubricating oil can be analyzed while separately the same from the particulate matters derived from the fuel. Accordingly,
it becomes possible to evaluate quantitatively the influence degree of the lubricating oil on the particulate matters
contained in the exhaust gas while separately the same from the influence degree of the fuel.

[0047] Further, in the case where isooctane is used as the fuel, since a sulfur component is not contained in isooctane,
the total sulfur component concentration contained in the exhaust gas to be analyzed by the sulfur concentration analyzer
40 can be regarded as the concentration of the sulfur component derived from the lubricating oil. Thus, it is possible to
calculate the consumption amount of the lubricating oil by S-trace method based on the analyzed total sulfur component
concentration, and therefore, it is possible to correlate the PN and the PM derived from the lubricating oil with the
consumption amount of the lubricating oil.

[0048] Note that, the embodiment of the present invention is not limited to the above embodiments.

[0049] For example, in the above embodiments, both the PN and the PM are measured, but only either the PN or the
PM may be measured.

[0050] In the above embodiments, although the PN and the PM are measured while changing the revolution speed
of the engine E, the load applied to the engine E from the dynamometer 10, or the temperature of the cooling water
regarding as the operating conditions of the engine E, the PN and the PM may be measured by changing the combustion
conditions such as a fuel ratio and an injection timing of the fuel, and the like.

[0051] Furthermore, it may be also possible to subtract the analysis result of the particulate matters in the case where
isooctane is used as the first fuel from the analysis result of the particulate matters in the case where, for example,
gasoline having a general property is used as the second fuel.

[0052] In this way, by using isooctane as the first fuel, the particulate matters derived from the lubricating oil can be
analyzed as described in the above embodiment. Therefore, by subtracting the analysis result thereof from the analysis
result obtained by using gasoline as the second fuel, the particulate matters derived from gasoline can be analyzed
while separated the same from the particulate matters derived from the lubricating oil. As aresult, itis possible to evaluate
the degree of influence of gasoline on the particulate matters contained in the exhaust gas while separately the same
from the influence degree of the lubricating oil.

[0053] In addition, various modifications and combinations of the embodiments may be made without departing from
the spirit of the present invention.

Reference Signs List

[0054]
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Exhaust gas collection part
PN measuring device

PM measuring device

Sulfur concentration analyzer

ms
An exhaust gas analysis method for analyzing exhaust gas exhausted from an engine comprising:

upon using isooctane as a fuel for the engine, analyzing the exhaust gas exhausted from the engine; and
measuring the particulate matters contained in the analyzed exhaust gas as particulate matters derived from
lubricating oil.

The exhaust gas analysis method according to claim 1, wherein, upon changing operating conditions of the engine,
the number or mass of the particulate matters contained in the exhaust gas exhausted from the engine is measured.

The exhaust gas analysis method according to claim 2, wherein at least one of a revolution speed of the engine, a
load applied to the engine, and a temperature of coolant of the engine is included as the operating conditions.

The exhaust gas analysis method according to any one of claims 1 to 3, further comprising: measuring a total sulfur
component concentration contained in the exhaust gas as a concentration of the sulfur component derived from the
lubricating oil; calculating a consumption amount of the lubricating oil based on the total sulfur component concen-
tration; and associating the consumption amount with the measurement result of the particulate matters derived
from the lubricating oil.

The exhaust gas analysis method according to any one of claims 1 to 4, wherein the engine is a gasoline engine.
An exhaust gas analysis system for analyzing exhaust gas exhausted from an engine comprising:

an exhaustgas collecting unit adapted to collect the exhaust gas exhausted from the engine upon using isooctane
as a fuel for the engine; and

an exhaust gas analyzer adapted to analyze the exhaust gas collected by the exhaust gas collecting unit and
measure particulate matters contained in the analyzed exhaust gas as particulate matters derived from lubricating
oil.
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